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OPTIONAL FORM NO. 10

UNITED STATES GOV. __.MENT

Memorandum

TO : | |05A DATE: 23 June 19065
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SECRET

FROM | PC/ORD

suBjecT: Boron Filament Resesarch

This memo on Boron Fileament Research summarizes a study byl

| 25X1

PC/ORD. PC is not pursuing any developmental objectives at this time, bui
we are attempting to stay current with technological advanced. We ghall be
heppy to discuss the technicael aspects of this work in detail, if you wisl..
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ORD~T23-65
15 March 1965

MEMORANIUM FOR FILE
SUBJECT: Boron Filament Research

1. Purpose: This memo hes three chjectiven:

&, To comment on the impartsnce of ymberisls Yesesrch g a .
Iimiting factor in defense plasning.

b. To place boron filament rescareh 4n perspective with rew
gard to the overall trend of materials research. ‘

¢, To consider specific characteristics of boron end indicate
their advantages ang disadvantapes in Tulfilling present and future
naterisla requirvements. . '

2+ Conclusions:

_ ‘8.  Structural and skin materials currently may be regarded ag
the principal limiting factor in the manufecture of high speed
combat aircraft (DiMech 2,2)., The development of the next generation
of alrcraft will regquire materisls having 2 « 3 4imes the modulus of
elasticity, strength, and temperciure of current materiala, In mime -
slles, the use of projfected boron composites could cause significant
¢ost reduction and peyload (23%)/ or ranga incresses.

b. Boron filements ere currently the mogt promising cendidate in
this coun for use in camposites over the next 5 - 8 year perted
prinarily %ecause they retain their properties for long veriods o tiry
up to 1700°F. Resenrch on speciel glasses and Pexrylilum will be vona
tinued but metal whiskors appear to have the greatest long range :1.e,

20 year} potentinl. The repearch paths towand "tailored” materials
will be diverse in world-wide perspective since local technologienl knowre
how will exercise & major role 1in the selection of materials. Colisequers

tly, no single plateau of accomplishment can pregently be defined for
intelligence targetging, o

€. Boron filaments have been produced which exceed all the minimp:
materials specification for the next generation of alreraft asnd missiler.
However, the concurrent development of high temperature binders s Toduc-
tion of gost, and great increases in production rate will be necessary
for widespread utilization.
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3. Backg,round: Recently the Alr Force campleted Project FORECAZY
which set forth their research objectives through 1975. TForemost on -
thelr list was the developuent of boron filaments which Genersl Schrierer,
Chief? ATSC, described es the "proatest materinls advance in three thousand
years'. Buch & strong ctatement seems to werrant a deeper inveatizatioa by
ORD personnel to determine to what degree the uent gencration of nildbery
aireraft arve limited by the current state-of-the-sxt in materials techro-
logy and to aszcertain if & specific technologicel plateaur could he defised

which vould be targetcd agzinst suceeszfully if anticipated sufficiently
- far in edvance. Consrquently, three steps were teoken:

&. Contact was made with Ir. Iovelsce who 1z Technicsl Dire .
ector, AF Materials Ieb., Wright-Fatterson Field under whose sus-
ylcee the ourrent boron progrem program is directed. Dr. lovelace
cooperated fully in arrvancing discussions with AP snd sontrector
sclentist and mede available many tecbnieal reports,

b. Contect was made with Dr. Earl Hayes, AD (Materials), DDR&Z,
vhose responsibility it is to spmrove and direct &l) materisls ree
search within DOD. Dr. Hayee was most candid and helpm in placing
the boron program in peraspective.

- @« Flnally, 08I, OFR, FMSAC, and ONE Persounel were mntacted

to determine the current level of CIA interest in foreign materisls
" research and o relate possible spnllications to intelligence prie
orities,

4, Perspectiver Materials research todsy is undergoing & period cf
rapld transition. In cambat sireraft, new high temperature materdals are
required for skin, structurnl, and engine parts before adeguate utilizat:ion

- can be made of current design capabilities. For example, the next genetrie
hlon of combat aircraft requires materianls with tensile strengths in exc:oss

of 300,000 poi, a modulus of elasticity (etiffness) of 20 million pei which
will retain their chevacteristics between 600 andllO0PF. By contrast, ®ire

" rent materials only have tensile strengthe of 70,000 psi and bave a moduius

of 9 milllion pei. PFurthermore, even these specifications mist be greatly
reduced sbove 300°F, Translated into functional teyms: the large scald
production of aireraft capable of excecding mach 2.2 ip limited by mater-
iala. In mipeiles, the picture is somewhat differcnt: weight trslecffs
are manifested in reduced mission capsbilities and increased cost. ALl

" thege factors have comtrilbuted to an intensive search for new ond betier
materials, ¥For example:

a8. GClass recsearch hes progreesed in the past five years. Spec-
clal glasses hoave been developed with tensile strengths of 500,000
pei and & modulus of elmsticity of 60 miliien psi. Problem: etreng%:h
reten’cion drops off repidly above LOOOF,
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b. Peryllium recearch has likewise made great progress and
filaments having a modulus of 40 rmillion psil with 80,000 pei :
tensile strength are quite atirective. Problem: I1imited beryllim:
gupplies will keep the cost effectiveness well sbove mcccpteble

- Iimits,

¢. MNetellic whiskers promise to be the polution of the 1930's
cand 1990's but most certainly will not be svailable for use in the
next generation of aivrcyafi oi missiles.

Where does thip leave us? Dr. Hoyes suggested that the next S 4o 10 yesrs

will be spent on composite design and fabrication so that the begt feat:res
of presently aveileble materials will he combinaed in response to the de-
mands of & "transition generation” of circraft and mligsiles, The true Tule

£1liment of the coming materials age will probebly yield "tailored" wmat -riats,

In ths meantime, the US, its allies s 8and its adverssries will prebably follow
many different pathe in order to exploit local technologieal know-how. TIroau
the viewpoint of intelligence collection, the path is too unpredietable to
define & single plateau for targeting.

5« ¥Why boron? Eecause of the neture of the petallie bond, its stoengih

- varles only within nerrow limits. By contrast ; ¥hile the mcchunisms e

ing the elastic modulus are less well understood, 1t is known thet it viries
over a much wider range; consequenily, vhen one studles the properties. of |

- elements and Jesrns that boron has an extremely high modulus of elastieity

ag well as mccepteble strength 1t causcs one to consider 1t very serich: ly

" as & potential filement material, especislly since it iy 1ight ard consie

quently provides sn unususlly high specific stiffuness and strength. A

7 - general survey of boron chevacteriatics 1s ma followa:
Lo Ut 5 me low density (15% lighter than e.lwninum)

. Extreme bardness {( 9.2 on moh's herdness scale)

c. Good strength retention up to 1800°F.

& Very high modulus of elasticity (60 million pgi

e. Very high modulus to density ratio {7.05 x 10

. Very high tensile strength ( greater then soo,ooo psi)
g, High radasr sbcorption

In ‘brief; boron has many characteristiceg which appear to exceed the minimm
AF requlrements for the next generation of aireraft, the principle one being
1ts edaptability to a high temperature envirorment.

=4, TProblems: The strong points ncminste boren as the leeding canitidmte
for meking an early contribution to camposite technology, On the other hand,
& mmber of obstéxbluf, must be surmounted befcre & materialc is actually fiells
For example!

a. Production rate ie currently very &low {40'min.) since a w:ipor
. deposition process is used in which boron trichloride is datomposed
- and boron 1s deposited on & tungsten substrate. If large scale proe

I SRS
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duction 1s ever to be commonced, an alternate process such. sn

drewing through a melt will mrobavly have to be yerfacted 4o i
permit production rate of geversnl thousand feet per mimute, :

be Production cost 1s still in cxcesy of $150 per powma ;
largely because the tungsten wire substrate gosts oppracinately -
$70 / pound, It is anticlipated that silics substrates wili te .
uged in the near Muture thup subsuantially redueing cost, If a |
total cost of $30 / pound could be atisined widespread sppiicatior
would result. ,

“- € Floally, and perhaps most Lnportant, high temperature

binders must be developed to utilize the izherent advanteges of :
the material., Intensive work in thisAren iz currently being cone
ducted, ‘ "

6. Amlicatibna snd Cost Effectiveness: Great ecaution mst be upad

when projecting & substance currently in the regsearch phese beyond the
development phase into the Tield of campetitive hardwara, To date, boron
Tilements having strengths &3 high as 1 millien rsi and modulil of elogiie

¢ty of 60 million psi have been producef in the leboratory. 1The curre -t

average tenelle strength is epproximately 350,000 psi. For the purpose of
thelr projections, the AFcesumes 730,000 pet filement strencth which is not

Sunreasonsble and ecould pretably be defended, Using these £:gures they: egti~

mate that the welght of a direct 119t engine could be reduced 29%, crudie
turbojets engines by 26}, VIOL's 27%, strateglc Yransports 30%, 3-stage eolic
ICIM's 24, and 2-stege ICRM's 19%. High sltitude recannaissance eircrnfs
could benefit greatly from lmproved meterials; for example, the AF estiratel

- ‘the range of the A~11 could be inerenced L0% by propulsion systen welght

savings of only 15% or its range could be increased by 220%. Whlle tha fMevresn
way be suspect untll the final roduct iz produced never-the-lesg it provides
& good example of the current Linttations imposed by Prepent~day materiels,

fact

T. The Fuburet Perhaps one should onf:e again pause snd weiph the
that boron is Jjust one reasoneble means to an snd., The facts of life

dlctate that "boron aircraft” will not became & reality for many yesrs 52
ever, on the other hand, it has elready been demonstrated that the incoge .
Yoration of 2% boron filaments (vy weight) imto the tltaniw slkin of the
A-11 will increase its modulus by 25%. This exemple perhaps points towhid

the most likely course of ‘boron Lfilament development, in other words, we

will

probably see the next generation of aircrsft utilizing "reinforceq"

materiels but 1t vill be some tima before g scphisticated level ip attalied
in "tailored” materials, : '
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